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ABSTRACT
We investigate here populations of cataclysmic variables (CVs) in a set of 288 globular clus-
ter (GC) models evolved with the MOCCA code. This is by far the largest sample of GC
models ever analysed with respect to CVs. Contrary to what has been argued for a long time,
we found that dynamical destruction of primordial CV progenitors is much stronger in GCs
than dynamical formation of CVs, and that dynamically formed CVs and CVs formed un-
der no/weak influence of dynamics have similar white dwarf mass distributions. In addition,
we found that, on average, the detectable CV population is predominantly composed of CVs
formed via typical common envelope phase (CEP) (& 70 per cent), that only ≈ 2–4 per cent of
all CVs in a GC is likely to be detectable, and that core-collapsed models tend to have higher
fractions of bright CVs than non-core-collapsed ones. We also consistently show, for the first
time, that the properties of bright and faint CVs can be understood by means of the pre-CV
and CV formation rates, their properties at their formation times and cluster half-mass relax-
ation times. Finally, we show that models following the initial binary population proposed by
Kroupa and set with low CEP efficiency better reproduce the observed amount of CVs and CV
candidates in NGC 6397, NGC 6752 and 47 Tuc. To progress with comparisons, the essential
next step is to properly characterize the candidates as CVs (e.g. by obtaining orbital periods
and mass ratios).
Key words: methods: numerical – novae, cataclysmic variables – globular clusters: general
– binaries: general
1 INTRODUCTION
Cataclysmic variables (CVs) are interacting binaries com-
posed of a white dwarf (WD) undergoing dynamically and ther-
mally stable mass transfer from a low-mass companion, usually a
main sequence (MS) star (e.g. Warner 1995; Knigge et al. 2011).
They are expected to exist in non-negligible numbers in globular
clusters (GCs), which are natural laboratories for testing theories
of stellar dynamics and evolution (e.g. Knigge 2012, for a review
on CVs in GCs).
Due to the high stellar crowding in GCs and their intrinsic
faintness, CVs are difficult to identify in such environments. There-
fore, space telescopes with high spatial resolution and sensitivity
⋆ E-mail: diogo.belloni@inpe.br
† E-mail: mig@camk.edu.pl
‡ E-mail: Liliana.Rivera@ttu.edu
such as the Hubble Space Telescope (HST) and the Chandra X-ray
Observatory are required to detect them. Until now the best studied
GCs with respect to CV populations are NGC 6397 (Cohn et al.
2010), NGC 6752 (Lugger et al. 2017), ω Cen (Cool et al. 2013)
and 47 Tuc (Rivera Sandoval et al. 2018). The identification of CVs
in these GCs has been carried out by identifying HST optical coun-
terparts to Chandra X-ray sources. Usually these counterparts show
an Hα excess (suggesting the presence of an accretion disc), they
are bluer than the MS stars and several also show photometric vari-
ability in different bands.
In the core-collapsed1 clusters NGC 6397 and NGC 6752,
Cohn et al. (2010) and Lugger et al. (2017) found the CVs to be
1 Core collapse is a process in which the GC core evolves by releasing
potential energy to the outer parts (via two-body relaxation) and thus be-
coming hotter and more compact, due to its negative heat capacity. The
© 2018 The Authors
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divided into two populations, a bright and a faint one. On their op-
tical colour-magnitude diagrams (CMDs), bright CVs lie close to
the MS and faint CVs close to the WD cooling sequence, being R
≈ 21.5 mag the cut-off between both populations. Interestingly, in
the non-core-collapsed clusters 47 Tuc and ω Cen, only one CV
population is observed, and is mainly composed of faint CVs.
Another interesting distinction between bright and faint CVs
in core-collapsed GCs is related to the level of mass segregation,
which is intrinsically connected with the GC relaxation time (proxy
for the GC dynamical age) and the CV masses. For core-collapsed
GCs, bright CVs are more centrally concentrated than faint CVs,
and faint CVs have similar radial distribution to MS turn-off point
(MSTO) stars. This result indicates that bright CVs are more mas-
sive than faint ones. Also, bright CVs have more massive donors
since CVs close to the MS have their fluxes clearly dominated by
the donor, which is usually the case for CVs close or above the
period gap2. Faint CV fluxes are otherwise dominated by the WD
and/or accretion disc, which is associated with CVs close to the pe-
riod minimum, i.e. WZ Sge-type progenitors. Indeed, Cohn et al.
(2010) and Lugger et al. (2017) inferred the total mass range for
the bright CVs and faint CVs to be 1.5 ± 0.2 and 0.8 ± 0.2 M⊙ ,
respectively. This is consistent with typical WD masses in CVs
(∼ 0.6 − 1.0 M⊙ , Zorotovic et al. 2011) and donor masses of ∼ 0.6
and . 0.1 M⊙ , for bright and faint CVs, respectively.
The case of 47 Tuc is extremely interesting. Even though the
CVs in this cluster are predominantly faint, all of them are more
centrally concentrated than MSTO stars. The optical fluxes are in-
dicatives of the donor mass, as we already discussed, which im-
plies then that most CVs in 47 Tuc have low-mass donors. This
brings then that the CV masses are dominantly the WD masses.
Rivera Sandoval et al. (2018) inferred CV masses of 1.4 ± 0.2 M⊙
for both bright and faint CVs in 47 Tuc, which is similar to what
has been found for bright CVs in NGC 6397 and NGC 6752. How-
ever, this implies that, for the faint CVs, the inferred WD masses
in 47 Tuc are ∼ 1.2 M⊙ , which is much higher than the standard
WD mass in CVs. These authors explain these high WD masses
as the consequence of either a net mass growth (due to an interplay
between accretion and nova outbursts) or to X-ray selection effects,
since the larger the WD mass (and in turn the smaller the WD ra-
dius), the deeper the potential well, and thus the greater the X-ray
emission (e.g. Aizu 1973).
One fact to be considered here is that the relaxation times
of core-collapsed GCs are much shorter than those of non-core-
collapsed ones, since they evolved faster, by reaching the core
collapse before the Hubble time (dynamically old) and non-core-
collapsed GCs are still going towards core collapse (dynamically
young). In the particular case of NGC 6397 and NGC 6752, the
half-light relaxation times (Trel) are ∼ 0.4 and ∼ 0.74 Gyr, respec-
tively (Harris 1996, 2010 edition). In contrast, Trel for 47 Tuc and
ω Cen are ∼ 3.5 and ∼ 12.3 Gyr, respectively. In this way, mass
segregation occurs faster in core-collapsed GCs than in non-core-
collapsed ones.
In the three initial papers of this series (Belloni et al. 2016,
2017a,b), we discussed 12 specific MOCCA models with a focus on
the properties of their present-day CV populations, of the present-
day CV progenitors, and how CV properties are affected by dynam-
collapse halts when heat sources (primordial/dynamically formed binaries,
intermediate-mass black holes, etc.) add energy to the core.
2 The orbital period distribution of CVs shows two peculiarities, a period
gap around 2.15 h–3.18 h (Knigge 2006) and a minimum period of ∼ 80
min (Gänsicke et al. 2009).
ics in dense environments. In this paper, we extend our analysis, by
simulating 288 new GC models, with updated stellar/binary evo-
lution in order to investigate the statistical properties of GC CVs.
In other words, our aim here is to complement these works with
the objective of checking whether previous results remain, on a sta-
tistical basis, and of explaining the above-mentioned observational
properties. Even though we compare our results to observations of
CVs in GCs, we do not aim to reproduce the observations of any of
them in particular but instead in a statistical way.
2 METHODOLOGY
2.1 MOCCA code
In order to simulate the GC models, we utilised the MOnte-
Carlo Cluster simulAtor (MOCCA) code developed by Giersz et al.
(2013, and references therein), which includes the FEWBODY code
(Fregeau et al. 2004) to perform numerical integrations of three-
or four-body gravitational interactions and the Binary Stellar Evo-
lution (BSE) code (Hurley et al. 2000, 2002), with the upgrades
described in Belloni et al. (2018b) and Giacobbo et al. (2018), to
deal with star and binary evolution. MOCCA assumes a point-mass
with total mass equal to the enclosed Galaxy mass at the specified
Galactocentric radius to model the Galactic potential, and uses the
description of escape processes in tidally limited clusters follows
the procedure derived by Fukushige & Heggie (2000). MOCCA has
been extensively tested against N-body codes (e.g. Giersz et al.
2008, 2013; Wang et al. 2016; Madrid et al. 2017) and reproduces
N-body results with good precision, not only for the rate of cluster
evolution and the cluster mass distribution, but also for the detailed
distributions of mass and binding energy of binaries.
2.2 BSE code
The most important part of the MOCCA code with regards
to CVs and related objects is the BSE code (Hurley et al. 2000,
2002). To overcome the shortcomings of the original BSE code
with respect to CV evolution (Belloni et al. 2017b, see section 5.2),
Belloni et al. (2018b) updated the code in order to include state-of-
the-art prescriptions for CV evolution. This upgraded version al-
lows accurate modeling of interacting binaries in which degenerate
objects are accreting from low-mass main-sequence donor stars. A
summary of main changes is provided in what follows, but more
details can be found in Belloni et al. (2018b).
The main upgrade of the code is a revision of the mass trans-
fer rate equation which is now based on the model of Ritter (1988)
and has been properly calibrated for CVs. We also added the ra-
dius increase/decrease of low-mass main-sequence donors that is
expected when mass transfer is turned on/off, which is fundamental
to reproducing the observed orbital period gap in CV populations.
New options for systemic and consequential angular momentum
loss (CAML) have been also incorporated. It now includes the mag-
netic braking prescription of Rappaport et al. (1983), with γ = 3,
and CAML prescriptions described in Schreiber et al. (2016). Both
angular momentum loss (AML) mechanisms are believed to be cru-
cial during CV evolution, being the CAML caused by mass trans-
fer and mass loss from the system due to nova eruptions. Finally,
different stability criteria for dynamical and thermal mass transfer
from MS donors were implemented. New criteria depend on the
adiabatic mass-radius exponent, the mass-radius exponent of the
MS star and on the assumed CAML (Schreiber et al. 2016).
MNRAS 000, 1–18 (2018)
CVs in GCs: bright and faint populations 3
We also updated the code with respect to the evolution of mas-
sive stars, as described in Giacobbo et al. (2018), since their fates
are likely crucial in GC evolution. Stellar winds have been updated
based on the equations described in Belczynski et al. (2010) and
Chen et al. (2015), which depends on metallicity. This approach
includes a treatment of stellar winds following Vink et al. (2001)
and Vink & de Koter (2005), which is adequate for O-type and
Wolf-Rayet stars. In addition to the description in Belczynski et al.
(2010), mass loss treatment takes into account the dependence on
the electron-scattering Eddington ratio (Gräfener & Hamann 2008;
Vink et al. 2011; Vink 2017). These authors also included new fit-
ting formulas for the core radii, as described in Hall & Tout (2014).
Moreover, they included in BSE new recipes for core-collapse su-
pernovae. In particular, they implemented both the rapid and the
delayed models for supernova explosion described in Fryer et al.
(2012). Finally, it was added a formalism to account for pair-
instability and pulsational pair-instability supernovae, following
the prescription of Spera & Mapelli (2017).
An additional update, described in Kiel et al. (2008), is con-
nected with the possibility of neutron star formation through
electron-capture supernovae , which is a low-energy supernova oc-
curring when an ONeMg core collapses due to electron captures
onto the nuclei 24Mg, 24Na and 20Ne (e.g. Miyaji et al. 1980). We
allow electron capture supernova when the core of a giant has mass
in the range of 1.6 − 2.25 M⊙ . In this case, we assume no kick
associated with the neutron star formation.
The new MOCCA version used here allows us to have more
realistic cluster evolution and to infer more accurate CV properties
from our analysis.
3 MODELS
In all models, we assume that all stars are on the zero-age MS
when the simulation begins and that any residual gas from the star
formation process has already been removed from the cluster. Ad-
ditionally, all models have low metallicity (0.001), are initially at
virial equilibrium, and have neither rotation nor mass segregation.
Moreover, all models are evolved for 12 Gyr which is associated
with the present-day in this investigation. With respect to the den-
sity profile, all models follow a King (1966) model, and we adopted
two values for the King parameter W0: 6 and 9. Regarding the tidal
radius, we assumed two values, namely 60 and 120 pc. Finally, as a
measure of the cluster concentration, we have three different half-
mass radii: 1.2, 2.4 and 4.8 pc.
In this work, we adopted two initial binary populations (IBPs).
The IBP is defined here as the set of initial binaries in a GC model
following determined distributions for their parameters: semi-
major axis, eccentricity, masses, mass ratio, and period. The first
IBP, defined as the Kroupa IBP, corresponds to models constructed
based on the IBP derived by Kroupa (1995, 2008) and Kroupa et al.
(2013) with the improvements described in Belloni et al. (2017c).
The other IBP, defined as Standard IBP, follows ‘standard’ distribu-
tions: (i) a uniform distribution for the mass ratio in the range (0, 1];
(ii) a log-uniform distribution for the semi-major axis in the range
[10−0.5, 104.5] R⊙ ; (iii) a thermal distribution for the eccentricity
in the range [0, 1].
For each IBP, we simulated models with three different num-
bers of objects (single stars + binaries), namely 400k, 700k, and
1200k. Models following the Kroupa IBP have 95 per cent primor-
dial binaries and masses of approximately 4.72 × 105, 8.26 × 105
and 1.42×106 M⊙ . Models following the Standard IBP have binary
Table 1. Initial GC conditions and binary evolution parameters. For all mod-
els, we adopted the metallicity Z = 0.001, the canonical Kroupa (2001)
IMF (i.e. with two stellar segments), with masses between 0.08 M⊙ and 150
M⊙ , and assumed that none of the recombination energy is used to assist the
expulsion of the envelope during CEP. The first column presents either the
initial cluster property or the binary evolution parameter, while the second
column exhibits the values associated with them. Given the combination of
all parameters, we have a total of 288 GC models. See Section 3 for more
details.
Initial binary population Kroupa, Standard
Number of objects [×105] 4, 7, 12
Mass [×105 M⊙] 2.57, 4.50, 4.72, 7.73, 8.26, 14.2
Binary fraction 95 % , 10 %
King model parameter 6, 9
Tidal radius [pc] 60, 120
Half-mass radius [pc] 1.2, 2.4, 4.8
Fallback yes, no
CEP efficiency 0.25, 0.50, 1.00
fraction of 10 per cent, and masses of about 2.57 × 105, 4.50 × 105
and 7.73 × 105 M⊙ .
In all simulations, we have used the Kroupa (2001) canonical
initial mass function (IMF), with star masses in the range between
0.08 M⊙ and 150 M⊙ (Weidner et al. 2013). We emphasize that the
IMF in all our simulations is preserved. This is achieved by apply-
ing a similar procedure as described in section 6.3 of Belloni et al.
(2017c, see also Oh et al. (2015); Oh & Kroupa (2016)), i.e. we
first generate an array of all stars and after that we pair the stars
in a way consistent with the assumed mass ratio distribution, which
is different in both IBPs.
For each initial cluster configuration, we simulated models
with three values for the common envelope phase (CEP) efficiency,
namely α = 0.25, 0.5 and 1.0. In addition, we assumed that none
of the recombination energy helps in the CE ejection and that the
binding energy parameter is determined based on the giant prop-
erties, as described in Claeys et al. (2014, see their appendix A).
The CAML prescription adopted here is the one postulated by
Schreiber et al. (2016), which is used to explain several features
associated with CV evolution. Additionally, for massive stars, we
assumed the delayed core-collapse supernova model, which is de-
scribed in Fryer et al. (2012). Supernova natal kicks for neutron
stars are distributed according to Hobbs et al. (2005). In the case
of black holes, they are also described according to Hobbs et al.
(2005) or reduced according to mass fallback description given
by Fryer et al. (2012), again for the delayed core-collapsed super-
nova model. All other binary evolution parameters are set as in
Hurley et al. (2002).
All the above-discussed variables in our modelling (i.e. binary
evolution parameters, IBPs, and initial cluster conditions) are sum-
marized in Table 1.
4 CLUSTER EVOLUTION
Among our 288 GC models, there are models which initially
collapse due to mass segregation and this initial collapse is halted
by binary energy generation or intermediate-mass black hole for-
mation. Subsequently, during the long-term evolution of the GC
models, the clusters can again evolve towards core collapse as they
exhaust their initial population of binaries that were supporting
the cluster evolution via binary burning during the balanced phase.
MNRAS 000, 1–18 (2018)
4 D. Belloni et al.
0.00
0.05
0.10
0.15
0.20
0.25
-2.5 -2 -1.5 -1 -0.5  0  0.5
N
 / 
N t
ot
log10 ( Rc / Rh )
MOCCA models
Harris (1996,2010)
-2
-1
0
1
2
-10 -8 -6 -4 -2  0
lo
g 1
0 
( M
V 
R
L-
2  
[ m
ag
 pc
-
2  
] )
MV [mag]
MOCCA models
Harris (1996,2010)
ω Cen
47 Tuc
NGC 6397
NGC 6752
 0
 1
 2
 3
 4
 5
 6
 7
 8
 9
 0.1  1  10
lo
g 1
0 
( Σ
c 
[ L
O• 
 
pc
-
2  
] )
Rc [pc]
MOCCA models
Harris (1996,2010)
ω Cen
47 Tuc
NGC 6397
NGC 6752
Figure 1. Comparison between observational properties of Galactic GCs
(blue open points/histogram) and present-day models (magenta filled
points/histogram), where four specific GCs are highlighted (black points).
In top panel, we compare the distribution of core to half-light radii. In the
middle panel, the x-axis is the cluster V-band absolute magnitude and y-axis
is the average surface brightness inside the half-light radius. In the bottom
panel, we show the central surface brightness as a function of the core ra-
dius. Observational data extracted from Harris (1996, updated 2010).
Such GC models can undergo core collpase within a Hubble time
and are characterized by smaller initial Trel. Such core collapse is
deeper and central density becomes large before sufficient number
of binaries can dynamically form to prevent further collapse.
With respect to the binary fraction, we notice that for models
set with the Kroupa IBP (initially 95 per cent) it drops drastically
during the early evolution. This is because most binaries in such
models are soft and the denser the cluster, the quicker their disrup-
tion. In addition, while comparing predicted and observed binary
fractions in GCs, Leigh et al. (2015) were able to conclude that
only high initial binary fractions (set with the Kroupa IBP, i.e. bina-
ries with a significant fraction of very wide binaries) combined with
high initial densities can reproduce the observed anti-correlation
between the binary fraction (both inside and outside the half-mass
radius) and the total cluster mass (Milone et al. 2012). Moreover,
Belloni et al. (2017c) further investigated the impact of the Kroupa
IBP in GCs. These authors compared predicted and observed prop-
erties of GC CMDs and managed to further improve properties of
initial binaries in order to be incorporated into numerical simula-
tion investigations. They conclude that their modifications to the
Kroupa IBP bring present-day GC models even closer to real GCs.
Finally, in order to check whether our models have present-
day properties consistent with the Galactic GC population, we show
in Fig. 1 a comparison between our models and real GCs. In the
top panel, the distributions of core to half-light radii (Rc/RL) of
models and real GCs are shown. In the middle panel, we compare
in the plane of absolute magnitude (MV ) versus average surface
brightness (MV R
−2
L
). Finally, the central surface brightness (Σc) as
a function of the core radius (Rc) is provided in the bottom panel.
Notice that our models lie in the region of massive and
intermediate-mass real GCs, and we only miss the low-mass GCs.
We also notice that there is a portion of our models in which val-
ues of the central surface brightness exceed those of real GCs
(Σc & 10
6 L⊙ pc
−2). Such models have massive intermediate-
mass black holes that can have a deeper potential well and this
contributes to the increase in central surface brightness. They also
contribute to the excess seen in the distribution of core to half-light
radii for values in which log10(Rc/RL) < −0.8. Below this value,
∼ 90 per cent of the models host an intermediate-mass black hole.
More details about influence of black holes in shaping global GC
properties can be found in Askar et al. (2018) and Arca Sedda et al.
(2018).
Such a comparison clearly shows that we have amongst our
models cluster in a reasonable range of concentrations, central sur-
face brightness and relaxation times. To sum up, we showed that
our models are consistent with a reasonable part of real GCs. We
notice that such a conclusion is not surprising, given that our initial
models are similar to part of those shown in Askar et al. (2017),
Askar et al. (2018) and Arca Sedda et al. (2018), and these authors
managed to show that their models are more or less representative
of the Galactic GC population.
In order to properly compare our results with observations,
we now separate our models into two groups, which will corre-
spond to our core-collapsed and non-core-collapsed models. Since
most core-collapsed real GCs have high central surface bright-
ness (Σc & 10
3 L⊙ pc
−2) and are very compact (Rc . 0.2 pc),
we utilize such values to define our core-collapsed and non-core-
collapsed models. The motivation for such a distinction is based on
the fact that the observational definition of core-collapsed and non-
core-collapsed clusters can be ambiguous. That definition takes into
account only the current observational status of the cluster, and not
its whole evolution. For instance, Heggie & Giersz (2008) show
that M4 (which profile is a classic King profile typical of a non-
core-collapsed cluster) is actually a post-collapse cluster, having its
core sustained by binary burning. This means that considering the
whole cluster evolution, M4 would be a core-collapsed cluster. But
when only its current surface-brightness profile is considered, it is
classified as non-core-collapsed. In a similar way, Giersz & Heggie
(2009) show that NGC 6397 is also a post-collapse GC. This sug-
gests that clusters currently classified as non-core-collapsed could
MNRAS 000, 1–18 (2018)
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Figure 2. Fraction of destroyed primordial CV progenitors ( fdest) versus the
initial stellar encounter rate (Γ). Note the clear correlation between fdest and
Γ.
have naturally undergone core-collapse at earlier times and vice
versa. Such behaviour is related to the cluster gravothermal oscilla-
tions on time-scales of a few hundred million years.
After applying such criteria, we found that the fraction of
models considered core-collapsed is only ∼ 30 and ∼ 20 per cent,
for those set with the Kroupa and the Standard IBPs, respectively.
This indicates that our sample of models are mainly composed of
models that have properties much closer to non-core-collapsed real
GCs than core-collapsed ones.
5 DESTRUCTION RATE OF PRIMORDIAL CV
PROGENITORS
We start our analysis quantifying the rate of destruction of pri-
mordial CV progenitors with respect to the initial stellar encounter
rate, given by Γ = ρ2
0
r3cσ
−1
0
(Pooley & Hut 2006), where ρ0, rc and
σ0 are the central density, the core radius and the mass-weighted
central velocity dispersion, respectively. We note that Γ can be in-
terpreted as an indicator of the strength of dynamics that one would
expect during the cluster evolution.
Before proceeding further, it is important to clearly define
some terms that will be used in what follows. We call CV pro-
genitors all binaries that somehow become CV and survive up to
the present day. Within the CV progenitors, those that are primor-
dial binaries are called primordial CV progenitors. From these def-
initions, a primordial binary that becomes a CV via CEP, without
having its components altered via dynamics, is a primordial CV
progenitor. Alternatively, a primordial binary that has, for instance,
one of its components replaced in a dynamical exchange interaction
is just a CV progenitor. Finally, dynamically or thermally unstable
CVs that do not survive up to the present day are not considered in
this work.
We first quantify the fraction of primordial CV progenitors
that are destroyed in dynamical interactions before becoming CVs
( fdest). This is illustrated in Fig. 2, where we show fdest vs. Γ for
all models, separated according to the IBP and the CEP efficiency.
Note that the greater the Γ, the higher the fraction of destroyed pri-
mordial CV progenitors (i.e the stronger the influence of dynamical
interactions on destroying these progenitors). In terms of the soft-
hard boundary, the greater the Γ, the shorter the period that defines
the boundary between soft and hard binaries.
One interesting fact is that this correlation is stronger for mod-
els with the Kroupa IBP. Indeed, we carried out Pearson’s rank cor-
relation tests, and we found strong correlation with more than 99.9
per cent confidence, being r = 0.78 and 0.70, for the Kroupa and
Standard IBPs, respectively.
It is not difficult to understand why this correlation is stronger
for models with the Kroupa IBP, and the reason is intrinsically con-
nected with the period distribution in both IBPs. The majority of
the binaries in the Kroupa IBP have periods longer than 103 days
(≈ 83 per cent), which is not the case for the Standard IBP (≈ 46
per cent)3. In this way, primordial binaries in the Kroupa IBP are
more sensitive with respect to the strength of dynamics, being much
easier affected by interactions as a whole, since it is predominantly
composed of soft binaries, which is the opposite in the case of the
Standard IBP.
After this general overview about CV formation and destruc-
tion, we can turn to the analysis of CV population properties, sep-
arated according to different formation channels in our models. In
all our models, we identify four main formation channels, namely:
(i) CEP without any influence of dynamics (no dynamics); (ii) CEP
with weak influence of dynamics (fly-by); (iii) exchange; and (iv)
merger. More details about how we separate the CVs into these
four formation channel groups are given in Belloni et al. (2016,
2017a,b).
6 CV PROPERTIES
6.1 Progenitor population
We start the presentation of CV properties by focusing our
attention on the main distributions (i.e. masses, period, eccentricity
and mass ratio) of CV progenitors.
We note that strong dynamical interactions are able to trig-
ger CV formation in binaries that otherwise would never undergo
a CV phase, in very good agreement with our previous findings
(Belloni et al. 2017a,b). In addition, if we define roughly the range
in the parameter space in which primordial CV progenitors belong
as M1/M⊙ ∈ [2, 5], q ∈ (0, 0.5] and log10(P/d) ∈ [2, 5], we can
compute the fraction of dynamically formed CVs coming from this
region. We find that only ∼ 23 per cent of all dynamically formed
CV progenitors belong to this narrow range, which allows us to
conclude that, as previously, dynamics extend the parameter space
applicable to CV progenitors (with respect to CVs formed without
influence of dynamics), and allow binaries that would not become
CVs to evolve into CVs.
6.2 CVs at the onset of mass transfer
If dynamically formed CVs have different properties from
CVs formed from primordial binaries, then some of their properties
(e.g. component masses and periods) at the onset of mass transfer
should be different. Here we discuss two important distributions,
the WDmass and the donor mass. The WDmass distribution is im-
portant because it can help us to understand the nature of GC CVs,
and also because it has been claimed for a long time that GC CVs
have, on average, more massive WDs when compared with Milky
Way (MW) CVs. The donor mass distribution is important because
it determines the entire CV evolution, including the mass transfer
3 In order to visualise how the period distribution in both IBPs looks like,
readers are recommended to check the appendix in Belloni et al. (2017b).
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Figure 3. WD mass (left-hand panel) and donor mass (right-hand panel) distributions associated with CVs at their formation times (onset of mass transfer),
separated according to each formation channel and normalized by the total number of counts in each formation channel.
rate, and in turn the luminosity, and the duty cycle. In this way, CVs
with higher donor masses are more likely to be detected in obser-
vational surveys, because they are bright enough or because they
exhibit dwarf nova (DN) outbursts more frequently.
In Fig. 3, the WD and donor masses of the CVs at the onset of
mass transfer are displayed, separated according to the formation
channel. Note that there is no statistical evidence suggesting that
the WD mass distribution of dynamically formed CVs is different
from that of CVs formed from primordial binaries, since the his-
tograms practically overlap each other. We stress that this result
is in disagreement with our previous works (Belloni et al. 2016,
2017a,b), where we do show that these two sets of CVs are dif-
ferent.
The reason for this discrepancy is associated with better pre-
scriptions for CV evolution adopted here, in particular angular mo-
mentum loss prescriptions and criteria for dynamically and ther-
mally stable mass transfer, which makes CVs formed from CEP in
our simulations to have naturally more massive WDs.
Indeed, we have adopted in all simulations, the eCAML
model proposed by Schreiber et al. (2016). According to these au-
thors, if the strength of CAML is inversely proportional to the
WD mass, then most (if not all) CVs with low-mass WDs are
dynamically unstable. The eCAML model is currently the only
model that can solve some long-standing problems, like the as-
sociated CV space density, the period distribution and the WD
mass distribution (Schreiber et al. 2016; Belloni et al. 2018b). In
addition, it can also explain the existence of single He-core WDs
(Zorotovic & Schreiber 2017). The main mechanism thought to be
responsible for the postulated dependence of CAML on WD mass
are nova eruptions (Schreiber et al. 2016; Nelemans et al. 2016).
Such eruptions might cause strong AML by friction that makes
most CVs with low-mass WDs dynamically unstable, which leads
to merger instead of stable mass transfer. This is because frictional
AML produced by novae depends strongly on the expansion veloc-
ity of the ejecta (Schenker et al. 1998), and for low-mass WDs, the
expansion velocity is small (Yaron et al. 2005).
With respect to the donor mass distribution, we do notice dif-
ferences between dynamical and non-dynamical CVs. There are
relatively more dynamical CVs (formed because of mergers or ex-
Table 2. Coefficient for the best-fitting lines in the plane total
number of CVs versus present-day cluster mass, in the form of
Ntot = a
(
M/105M⊙
)
, for all models in our simulations grouped ac-
cording to the IBP (Kroupa or Standard) and the CEP efficiency (α =0.25,
0.50 and 1.00). The lines are plotted in Fig. 4.
Kroupa IBP
α 0.25 0.50 1.00
a 266.1 ± 14.9 143.0 ± 6.3 53.4 ± 2.3
Standard IBP
α 0.25 0.50 1.00
a 27.1 ± 1.3 22.4 ± 0.9 21.1 ± 0.9
changes) with donors lighter than ∼ 0.3 M⊙ (formed during inter-
actions with low-mass binaries). This indicates that dynamics are
likely to produce relatively more optically faint CVs than CEP, at
the onset of mass transfer.
6.3 Present-day CV population
One interesting correlation one would expect is related to the
number of CVs and GC masses, i.e. the greater the GC mass, the
greater the number of CVs. We found here that this correlation
holds for all combinations of IBP and CEP efficiency, as illustrated
in Fig. 4.
The total amount of present-day CVs in all 288 models is
96214, being ≈ 92.5 per cent coming from models set with the
Kroupa IBP and only ≈ 7.5 per cent from those set with the Stan-
dard IBP. Regarding the CEP efficiency, as expected, the smaller
the α, the greater the number of CVs, i.e. models set with α = 0.25,
0.5 and 1.0 contribute with ≈ 56.5, ≈ 30.5 and ≈ 13.0 per cent, re-
spectively.
In order to provide readers a way to estimate the amount
of CVs per GC mass, we performed linear regressions for
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Figure 4. Total number of present-day CVs in all our models against the cluster mass, separated according to the IBP and CEP efficiency. The lines are linear
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5 M⊙ , respectively). Note
that the value of the CEP efficiency significantly changes the number of CVs in models following the Kroupa IBP. Values of a are provided in Table 2.
the number of CVs against the host GC mass, in the form
Ntot = a
(
M/105M⊙
)
, for all models in our simulations grouped
according to the IBP and the CEP efficiency. The best-fitting coef-
ficients are provided in Table 2 and the best-fitting lines are plotted
in Fig. 4.
From Fig. 4, we clearly see that the number of CVs signifi-
cantly changes with regards to α, for models set with the Kroupa
IBP. On the other hand, for models set with the Standard IBP, the
number of CVs is almost insensitive with respect to α. This result is
a direct consequence of the respective period distributions. As the
period distribution in the Kroupa IBP smoothly increases towards
longer periods, the smaller the alpha, the higher the amount of CVs
that survive the CEP, since lower values for α lead to shorter peri-
ods after CEP. In this way, since the number of binaries increases
with period in the Kroupa IBP, more and more binaries manage to
become CVs due to the fact that the pre-CV lifetimes are reduced,
as the value of α becomes smaller. Now, for the Standard IBP, since
the period distribution is log-uniform throughout the entire range of
period, the effect of moving the range from which CV progenitors
belong towards longer periods (by decreasing α) has only a small
effect on the amount of CVs formed.
In what follows, we concentrate only on observational prop-
erties related to GC CVs. In other words, hereafter we only inves-
tigate properties of present-day CVs that are likely to be observed
via multiple technique methods, since these are the most important
ones and can potentially lead to some constraints.
7 PRESENT-DAY CV POPULATION: DETECTABLE CVS
7.1 Criteria to be considered detectable
So far we know that core-collapsed GCs show 2 populations
of CVs (Cohn et al. 2010; Lugger et al. 2017), and that based on
that we can separate the CV population for non-core-collapsed GCs
(Cool et al. 2013; Rivera Sandoval et al. 2018). In order to inves-
tigate whether we can reproduce some observational features of
these two populations, we first select the detectable CVs in our
models4. To do so, we assume a conservative definition in order
to allow for statistical analysis and to be consistent with observa-
tions. We used as cut-offs the donor mass, X-ray luminosity and
the absolute visual magnitude, being the last two computed as de-
scribed in Belloni et al. (2016) and assuming that the average ac-
cretion rate onto the WD during quiescence is 1 per cent of the av-
erage mass transfer rate5. Our limiting quantities are: donor mass
is 0.1 M⊙ , X-ray luminosity is 5 × 10
29 erg s−1 and the limiting
absolute visual magnitude is 14 mag (i.e. 10 mag below the turn-
off magnitude). These three values are consistent with observa-
tional limits (Cohn et al. 2010; Cool et al. 2013; Lugger et al. 2017;
Rivera Sandoval et al. 2018; Henleywillis et al. 2018).
From the total of 96214 present-day CVs in all our simula-
tions, after applying these criteria, we have 2129 detectable CVs.
This provides that, on average, only between 2 − 4 per cent (de-
pending on the CEP efficiency) of the CVs in a GC can eventually
be detected.
We now separate the detectable CVs between bright and faint.
Bright CVs presumably have their optical fluxes dominated by the
donor. Whereas faint CVs have theirs dominated by the WD and/or
accretion disc. To be consistent with observations, we adopt here
a cut-off based on the absolute visual magnitude, which is defined
by MV=9 mag. Detectable CVs which absolute visual magnitudes
are smaller than that are bright CVs, and they are faint otherwise.
We emphasize that this criterion is suitable for our purposes, since
our goal is to infer statistical properties from our models rather than
modelling particular GCs.
After filtering out the CVs with respect to limiting luminosi-
ties and separating them according to their brightness, an additional
and final criterion has to be applied, regarding the position in the
4 We stress that we removed from the population of detectable CVs un-
stable and extremely young systems. The former is because these CVs will
quickly merge and likely do not contribute to the observed population. The
latter is because the mass transfer rate provided by the BSE code is not reli-
able when the CV has just born.
5 We emphasize that the accretion rate onto the WD during quiescence is
not constant and depends on the CV properties (e.g. WD mass, mass trans-
fer rate, etc). Our choice of having the average accretion rate being 1 per
cent of the average mass transfer rate is then an approximate estimate, but
consistent with results from the disc instability model (e.g. Lasota 2001).
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Figure 5. In the left-hand panel, we show results of our models for the number of both, detectable and bright CVs per unit mass vs. the mass-normalized
stellar encounter rate (γ). We separated the models with respect to the IBP (i.e. Kroupa and Standard). In the right-hand panel, we show observational results
by Cheng et al. (2018). The X-ray emissivity, defined as the ratio between the X-ray luminosity and the K-band luminosity (LX /LK ), is considered a measure
of the number of X-ray source abundance in a GC (in the study of these authors, mainly CVs and ABs). Note that, in both panels, there is no (if at all very
weak) statistical evidence for a correlation between the CV abundance or faint (LX . 10
34 erg s−1) X-ray sources and γ.
cluster. In observations, the observed region is usually within the
half-light radius (RL), and for this reason, in some comparisons
with observations, we also separate them with respect to RL .
7.2 Influence of the cluster type
With respect to the cluster type, for those models set with the
Kroupa IBP, we notice that most core-collapsed models have frac-
tions of bright CVs with respect to detectable CVs in the range of
5 − 45 per cent, and most non-core-collapsed models have them in
the range of 7 − 33 per cent. However, a small portion of our core-
collapsed models have more than 50 per cent of bright CVs. These
models are compact and characterized by high values of the cen-
tral surface brightness, and short half-mass relaxation times. These
models have then properties much closer to real core-collapsed
GCs than the whole set of our core-collapsed clusters.
On the other hand, for models set with the Standard IBP, most
of them have none bright CVs (∼ 90 per cent of them), and only a
few have non-null fractions of bright CVs. We can conclude then
that, in general, such an IBP cannot reproduce observed fractions of
bright CVs among core-collapsed and non-core-collapsed clusters.
The fractions of bright CVs we found for models set with the
Kroupa IBP are, in general, consistent with observations of non-
core-collapsed GCs (∼ 20 − 25 per cent). They are also consistent
with respect to core-collapsed GCs (∼ 40 − 60 per cent), provided
we take into account only models whose properties are much closer
to observed core-collapsed GCs.
Regarding the detectable CV spatial locations, we found that,
on average, only ∼ 45 per cent of detectable CVs (both bright and
faint) are inside the half-light radius, which corresponds to ∼ 42
and ∼ 47 per cent of bright and faint CVs, respectively, inside it.
However, such fractions should be considered upper limits as they
depend on the cluster properties. In particular, as shown in Section
7.5, such fractions of detectable CVs inside/outside RL strongly
depends on the cluster half-mass relaxation times.
7.3 Are most CVs dynamically formed?
With respect to the formation channels, the dominant one
amongst detectable CVs is typical CEP (≈ 88+12
−18
per cent, for both
core-collapsed and non-core-collapsed clusters). We also found that
the average fraction of dynamically formed CVs among only bright
CVs is relatively low (≈ 9+24
−9
per cent, for both core-collapsed and
non-core-collapsed clusters). In other words, we found here no (if at
all very weak) correlation between the number of either detectable
CVs or bright CVs with respect to the cluster type (e.g. related to
the stellar encounter rate).
Our results are in disagreement with previous conclusions
that bright CVs were predominantly dynamically formed (via ex-
change), and faint CVs were a mix of CVs formed in different chan-
nels (Belloni et al. 2017b; Hong et al. 2017). This is likely con-
nected with the high (non-realistic) CEP efficiency adopted pre-
viously, since the higher the CEP efficiency, the smaller the num-
ber of CVs formed from primordial binaries, especially for models
following the Kroupa IBP. In this way, the contribution from pri-
mordial CVs have been underestimated in our previous works.
We note that our current findings are in agreement with recent
studies of Chandra X-ray sources in GCs by Cheng et al. (2018).
Using a sample of 69 GCs and focussing on CVs and chromo-
spherically active binaries (ABs), these authors found that there is
not a significant correlation between the number of X-ray sources
and the mass-normalized stellar encounter rate in units of 106 M⊙
(γ = Γ/M6). These findings disagree with previous results, which
considered smaller GC samples (e.g. Pooley & Hut 2006). A cor-
relation would be expected if dynamical interactions largely influ-
ence the creation of X-ray sources. However, Cheng et al. (2018)
have shown that dynamical interactions are less dominant than pre-
viously believed, and that the primordial formation has a substantial
contribution. In Fig. 5 we show the number of CVs as a function of
γ. We show numbers for both, detectable and bright CVs normal-
ized by the total cluster mass in units of 106 M⊙ . In that figure we
also show results from Cheng et al. (2018) for the X-ray emissivity
(defined by these authors as the X-ray luminosity divided by the
K-band luminosity and considered a measure of the X-ray source
abundance, mainly CVs and ABs) vs. γ. Note that both observa-
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tional and theoretical results show no (if at all very weak) statistical
evidence for a correlation between the normalized CV abundance
and γ.
The physical reason for that is associated with the role of
dynamics in creating and destroying pre-CVs. We notice that de-
struction of CV progenitors take part mainly for MS-MS binaries
during the first few hundred Myr of cluster evolution. Later, when
MS-WD binary is created, dynamical interactions are very strongly
suppressed, because during the CEP there is a substantial reduction
of binary periods.
Regarding dynamical pre-CV formation, one can have mainly
three possible scenarios:
i) interaction between a low mass MS-MS binary and single
C/O WD: this type of interaction would lead to exchange interaction
in which a MS is replaced with a WD. Such an interaction has to
form rather compact binary, since the binary evolution needs about
. 10 Gyr to make it a CV. If the exchanged binary is wider (say two
times), then it will need several dynamical interactions to bring it
to the period which will result in CV formation. Since the Spitzer’s
average change of binding binary energy is 20 per cent (Spitzer
1987), it would be needed around four such interactions, which is
rather not probable for large number of such binaries.
ii) interaction between a low mass MS-MS binary and single
MS: this interaction would lead to an MS-MS binary which, before
WD formation, is brought to the adequate range (Section 6.1) that
will guarantee CEP and further binary evolution (during ∼ 10 Gyr)
leading to CV formation. We found that the average number of such
interactions is only ∼ 0.05 per CV, which clearly shows that this
channel is not important.
iii) interaction between a WD-MS binary and single MS: there
are two posibilities here, either this interaction is strong and gener-
ates a pre-CV via the replacement of the MS in the binary with
a more massive MS intruder, or a few interactions occur which
harden such a WD-MS binary to become a pre-CV. For this sce-
nario, the probability is also low, provided the small average semi-
major axis of WD-MS binaries (∼ 10R⊙) and typical properties
of GCs inferred from the models. Indeed, the average numbers of
weak and strong interactions associated with pre-CV binaries over
the time-scale of ∼ 10 Gyr (time between WD-MS binary and CV
formations) are ∼ 0.126 and ∼ 0.003 per CV, respectively.
To sum up, we show that the main scenarios proposed in the
literature (Ivanova et al. 2006; Shara & Hurley 2006; Belloni et al.
2016, 2017a,b; Hong et al. 2017) for dynamical formation of faint
and bright CVs in GCs have very low probability to happen, which
explains our findings with respect to the influence of dynamics
in CV formation (very low fraction of dynamically formed faint
and bright CVs) and with respect to the stellar encounter rate
(no/extremely weak correlation with the amount of detectable and
bright CVs). We notice that our explanation is supported by recent
observations (Cheng et al. 2018), which show that there is no (or
very weak) correlation between faint (LX . 10
34 erg s−1) X-ray
sources, presumably mainly composed of CVs and ABs, and γ.
7.4 Orbital, photometric and X-ray properties
In order to check whether we are able to reproduce the bi-
modality of GC CVs, we show in Fig. 6 the distributions of the
absolute visual magnitude, X-ray luminosity, donor mass and pe-
riod for all detectable CVs. Note that we have indeed evidences
towards a bimodal population, even though the population of faint
CVs is clearly dominant in the four distributions. In particular,
it is interesting that we find a bimodality in the X-ray luminos-
ity distribution, where we have a population of faint X-ray CVs
(LX . 10
31 erg/s) and another population of bright X-ray CVs
(LX & 10
31 erg/s), which actually is in good agreement with ob-
servations (Rivera Sandoval et al. 2018, see their fig. 14). How-
ever, we note that detectable CVs with X-ray luminosities be-
low 1030 erg/s are missing in our distribution, whereas CV can-
didates have been observed below that limit. This observed pop-
ulation of very faint X-ray CVs likely have extremely low-mass
donors (< 0.1 M⊙), and periods close to the period minimum (pe-
riod bouncers or their progenitors). In fact, some Galactic field
CVs, such as GW Lib and WZ Sge, which have X-ray luminosities
0.05+0.10
−0.02
×1030 and 0.7+0.3
−0.1
×1030 erg s−1 [2-10 keV], respectively
(Byckling et al. 2010), seem to support this explanation. Alterna-
tively, we notice that such X-ray luminosities could also be reached
in cases where the time-averaged accretion rate in short-period CVs
would be smaller than the one assumed here (i.e. < 10−2 〈 ÛMtr〉,
where 〈 ÛMtr〉 is the time-averaged mass transfer rate).
Regarding the period distribution of the detectable CVs, we
see that bright systems dominate the distribution above the period
gap. Whereas the faint systems have periods shorter than 4h, with
a vast majority below the period gap. Note, however, that the gap
is populated by both types of CVs. In Fig. 7. we show how the or-
bital period of the detectable and non-detectable CVs are related to
the X-ray luminosity, absolute visual magnitude, donor mass and
mass transfer rate. From this figure we see that bright CVs have
longer periods, higher mass transfer rates, higher donor masses and
higher luminosities. This is in general agreement with the proper-
ties found for the bright CVs in the 4 GCs that we are considering,
which have periods longer than 2.4 h (see e.g. Bailyn et al. 1996;
Kaluzny & Thompson 2003; Rivera Sandoval et al. 2018, and ref-
erences therein). Unfortunately CVs below the period gap have not
been confirmed in any of these clusters. From Fig. 7 we can also
clearly see the typical trend associated with CV evolution, which
goes from long to short periods. Note that due to our chosen mass
limit for detectable CVs (Mdonor > 0.1 M⊙), we miss in these plots
the portion of extremely faint CVs composed of period bouncers.
Our results then suggest that those CV candidates in NGC 6397,
NGC 6752, 47 Tuc and ω Cen with very low luminosities, are
likely period bouncers or CVs very close to the period minimum
(WZ Sge-type).
7.5 Spatial Distribution: general features
From the discussion so far, it is clear that the dominant for-
mation channel amongst bright and faint CVs is the typical CEP,
as in MW CVs. In this way, a natural follow-up concern is how to
explain their properties, including their spatial distributions6. In-
terestingly, Cohn et al. (2010) and Lugger et al. (2017) suggest that
their findings are consistent with an evolutionary scenario in which
CVs are produced by dynamical interactions near the cluster centre
and diffuse to larger orbits as they age. However, the results of our
simulations suggest that this scenario is not very likely. Indeed, a
CV that is dynamically formed in a cluster core is ejected outside
the central parts due to the strength of the dynamical interaction.
Thus, it is unlikely that it will remain in the core after formation.
In addition, the probability for a CV to interact is extremely small,
given their short periods (Leigh et al. 2016; Belloni et al. 2017a).
6 We note that some insight has been given by Hong et al. (2017) about
the spatial distribution of CVs in GCs but here we provide a more detailed
explanation.
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Note that most WD-MS binaries (pre-CVs) are formed before ∼ 1 Gyr and most CVs are formed after ∼ 10 Gyr.
In this way, scattering interactions acting to increase their orbits
and thus, forcing their migration to larger radii in the cluster po-
tential are not very likely. Finally, such a scenario seems to ignore
completely the contribution of primordial CVs to the present-day
CV population.
In order to provide readers a scenario which is compatible with
our findings, we should consider the WD-MS binary and CV for-
mation times, their properties at the formation times, and the cluster
Trel.
In Fig. 8, we show the normalized formation rate of CVs and
WD-MS binaries that are their progenitors, separating them into
bright and faint populations. Note that most WD-MS binaries are
formed before ∼ 1 Gyr, which is the time for the formation of most
C/O WDs, given the metallicity adopted here (Z=0.001). The re-
maining WD-MS binaries that are formed after this time are mainly
dynamical ones. On the other hand, the detectable CVs are formed
mainly after ∼ 10 Gyr, which is more or less the limiting time for
them to be bright enough to be detected at the present day (i.e. at
12 Gyr). In this way, the time required for a CV to evolve beyond
the detection limit is around ∼ 2 Gyr, which is consistent with the
time-scale associated with long-period CVs to evolve towards close
to the period minimum (donor mass of . 0.1 M⊙).
Said that, we reach the following general picture related to
the origin of faint and bright CVs. Since most of them are formed
via CEP under no/weak influence of dynamics and since CVs have
C/O WDs7, the WD-MS binaries should have to be formed during
the early cluster evolution, but they should have periods such that
systemic angular momentum losses should take more than 9 Gyr to
shrink their orbits such that they become interacting binaries, i.e.
CVs. This is precisely the case as seen in Fig. 8. Note that most
WD-MS binaries that are progenitors of bright CVs are born with
periods longer than ∼ 30 hr. On the other hand, most of those that
7 We note that for a long time, many low-mass He WDs have been pre-
dicted to be found in CVs, but not a single system with a definite He-core
WD has been identified so far (Zorotovic et al. 2011). This inconsistency
between modelling and observations can be overcome with the eCAML
model proposed by Schreiber et al. (2016), which is adopted here.
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Figure 10. Cumulative radial distribution function (CDF) for detectable
CVs (faint and bright), for clusters which half-mass relaxation times (Trel)
are shorter than 4 Gyr. We separated the faint CVs into three groups,
according to their masses, namely (i) M < 0.8 M⊙ (blue curve), (ii)
0.8 < M/M⊙ < 1.2 (green curve), and (iii) M > 1.2 M⊙ (orange curve).
In the keys we provide the average mass of each stellar group, i.e. MSTO
stars, bright CVs, and faint CVs separated as described above. Note that,
different faint CV masses show different levels of concentration relative to
the MSTO stars.
are faint CV progenitors are born with periods between ∼ 10 and
∼ 30 hr. With such long periods, it is not surprising that they take
more than 9 Gyr to become CVs.
In this picture, the mass segregation comes naturally, since the
WD-MS binaries are very hard to interact strongly during the clus-
ter evolution and have their properties changed (e.g. Leigh et al.
2016; Belloni et al. 2017a), but they could have enough time to sink
towards the core, if the Trel is short enough to allow that. This oc-
curs for both bright and faint CVs, as their masses (including both
components, the WD and MS star) are, on average, ∼ 1.42 ± 0.19
and ∼ 1.11±0.21 M⊙ , respectively, i.e. they are more massive than
the cluster average mass within the half-mass radius. We empha-
size that this would happen if the cluster half-mass relaxation is
substantially shorter than the Hubble time, especially because the
WD-MS progenitors are initially amongst the most massive objects
in the cluster and segregation starts already at the very beginning.
In general, the shorter the Trel, the faster the mass segrega-
tion within such a cluster. In addition, as bright and faint CVs are
more massive than MSTO stars, the shorter the Trel, the more the
mass segregation of CVs with respect to these stars. If Trel is short
enough, say . 3 Gyr, then differences between bright and faint
CVs also become clear, since bright CVs are, in general, more
massive than faint CVs. Indeed, at the present day, faint CVs are
less massive either because they already evolved as CVs or because
their donor masses are initially small and the onset of mass trans-
fer is close to the present day. Thus, in the case when the cluster
half-mass relaxation time is much shorter than the Hubble time,
we should expect stronger differences between bright and faint CV
spatial distributions, being bright CVs much more segregated than
the faint ones.
In order to better understand how CV spatial distribution de-
pends on the cluster half-mass relaxation time, we first separate
all models having initially 1200k objects (due to their higher num-
ber of CVs) into four groups according to their relaxation times,
namely (i) Trel/Gyr < 4, (ii) 4< Trel/Gyr < 8, (iii) 8< Trel/Gyr <
15, (iv) Trel/Gyr > 15. In Fig. 9 we depict the cumulative radial
distribution function for detectable CVs (faint and bright), for clus-
ters grouped according to the above-mentioned ranges of Trel. Note
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first that the average mass of bright and faint CVs, in all panels, are
quite similar, being ∼ 1.4 ± 0.2 and ∼ 1.0 ± 0.2 M⊙ so that dif-
ferences in mass segregation should come mainly because of dif-
ferences in Trel. In the bottom right-hand panel, Trel is much longer
than the Hubble time, which implies that there is no visible differ-
ence between CVs and MSTO stars, since they do not have enough
time to separate inside the cluster. In the bottom left-panel, Trel is
slightly shorter than the Hubble time and there is a small difference
between CVs and MSTO stars. As Trel decreases further, the differ-
ence between CVs and MSTO stars becomes more and more clear,
as illustrated in top right-hand panel, where Trel ∼ 5 − 6 Gyr. By
decreasing even further, differences between bright and faint CVs
become more and more clear, as seen in top left-hand panel for
clusters whose half-mass relaxation times are ∼ 3− 4 Gyr. Thus, to
sum up, the shorter the Trel, the faster and efficient the mass segre-
gation of bright CVs with respect to faint CVs, and faint CVs with
respect to MSTO stars.
Now, in order to better understand how the mass segregation
changes with respect to the faint CV masses, we show in Fig. 10
the cumulative radial distribution function of bright and faint CVs
for clusters whose Trel < 4 Gyr, separating the faint CVs into
three groups, according to their masses, namely (i) Mf < 0.8 M⊙
(blue curve), (ii) 0.8 < Mf /M⊙ < 1.2 (green curve), and (iii)
Mf > 1.2 M⊙ (orange curve). Note that the smaller the faint CV
masses, the weaker the mass segregation with respect to MSTO
stars. If Trel is conveniently short, as faint CVs evolve and become
less massive, their level of segregation will quickly adjust to that
of MSTO stars. In this way, the ‘speed’ of segregation of faint CVs
decreases as they evolve and reduce their masses. In any event, they
keep segregating, but not as ‘fast’ as before, because they are less
massive now. In the case they have masses similar to MSTO stars,
they should segregate in a similar fashion. In the case they are more
massive, then they would segregate more than MSTO stars. Thus,
not only the cluster Trel is important for mass segregation, but also
the CV masses and the rates of mass decrease.
Provided these features about CV segregation, the spatial dis-
tributions for NGC 6397, NGC 6752, 47 Tuc and ω Cen can be eas-
ily explained. Both core-collapsed clusters (NGC 6397 and NGC
6752) have very short Trel (. 0.7 Gyr), which makes the movement
of their bright and faint CV population relatively fast. In addition,
as their faint CVs have masses similar to MSTO stars, they are as
segregated as MSTO stars. On the other hand, the Trel of 47 Tuc
is longer (∼ 3 Gyr), but according to Fig. 10, still short enough to
allow differences between bright and faint CVs, if their masses are
different. However, if the masses of CVs in 47 Tuc are similar in
both bright and faint CVs, as suggested by Rivera Sandoval et al.
(2018), even if its Trel is short, the faint CV population would
still be as segregated as bright CVs and more centrally concen-
trated than MSTO stars, as shown in Fig. 10. On the other hand,
Henleywillis et al. (2018) found that most of the CVs in ω Cen re-
side outside the central region, with only the two most luminous
CVs lying deep inside the core. These results suggest that indeed
the CVs in that cluster have not segregated towards the core given
its large Trel.
In general, we expect that in GCs, both bright and faint CVs
at the onset of mass transfer are more centrally concentrated than
MSTO stars, due to their history during the course of the cluster
evolution, not because they are mostly dynamically formed in the
core.
7.6 Spatial Distribution: dynamically formed CVs
We notice that we can also explain the spatial distribution of
the bright CVs that are dynamically formed close to the present-
day, in core-collapsed GCs. If a pre-CV is dynamically formed in
the core, it cannot stay in the core after the formation, as the pro-
cess of forming a pre-CV dynamically is very energetic and such a
pre-CV will be expelled far from the core. However, if the cluster
half-mass relaxation time Trel is short enough (as in core-collapsed
GCs) to allow the pre-CV to segregate before it becomes a CV,
such a population can come back to the central parts. Thus, form-
ing a bright CV in the central parts. If Trel is relatively long, those
bright CVs that are dynamically formed will be found far from the
central parts.
This process is illustrated in Fig. 11, where we show the ra-
dial position evolution for one dynamically formed CV (together
with the host cluster radii evolution). Such a model is evolving
towards collapse until about 0.5 Gyr, when the 10 per cent black
hole Lagrangian radius reaches its minimum. This is when the core
bounce (Breen & Heggie 2013) occurs and the black holes gener-
ate sufficient energy to support the whole cluster evolution. As such
a cluster is supported by a subsystem of black holes, the energy
generation is relatively large, which causes the cluster to expand
(Breen & Heggie 2013), and the whole black hole subsystem stops
to mass segregate at about 1.2 Gyr. Such a feature leads to an in-
crease in Trel during the cluster evolution, and close to the present
day, Trel ≈ 3.5 Gyr.
Regarding the CV, we notice that its progenitor (MS-MS bi-
nary) also initially segregates, as it is one of the most massive ob-
jects in the cluster. At the moment the core bounce occurs, the CV
progenitor is violently ejected from the core in a four-body interac-
tion with another MS-MS binary. After that it takes around 5 Gyr
to segregate back to the core. However, during this time, the binary
starts unstable mass transfer and merges (due to the high initial
mass ratio) at ≈ 1 Gyr, leading to the formation of a single WD.
After the single WD returns to the core, it interacts with MS-MS
binary and one of such MS stars is replaced with the single WD,
leading to aWD-MS binary at ≈ 5.5 Gyr. Such a binary is dissolved
in a three-body interaction with a single MS star at ≈ 6.5 Gyr. After
that, the single WD interacts again with a MS-MS binary at ≈ 6.7
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Figure 12. Number of detectable CVs in our models against the cluster mass, separated according the IBP and CEP efficiency. Observational numbers obtained
from Bassa et al. (2004, M 4), Cohn et al. (2010, NGC 6397), Lugger et al. (2017, NGC 6752) and Rivera Sandoval et al. (2018, 47 Tuc). For consistency with
the other clusters, in the case of 47 Tuc the plotted number corresponds to the CVs detected in the optical filters and not to the whole NUV CV sample reported
by these authors. Observational masses were extracted from Kimmig et al. (2015) and Heyl et al. (2012). Vertical error bars correspond to Poisson errors.
Gyr, which leads to the pre-CV formation when again a MS star
is replaced with the WD intruder. Notice that right after the pre-
CV formation in the core, the pre-CV is kicked out from there, and
takes a few Gyr (≈ 3 Gyr) to segregate back to the inner parts. That
time is consistent with Trel. In this way, dynamically formed CVs
in cluster with shorter Trel are expected to migrate back inwards
faster. In other words, the shorter Trel, the faster the dynamically
formed CV segregates back to the inner parts, after being ejected
from the core due to the strong interaction. This particular CV for-
mation (i.e. onset of mass transfer) takes place close to the present
day.
7.7 Predicted number of detectable CVs and observed
number of CVs and CV candidates
After all this discussion about CV properties, we can now at-
tempt to provide some useful constraints for GC modelling. To do
so, we show in Fig. 12 the number of detectable CVs within RL
against the cluster mass, including the observational results. We
separate the models according to the IBP (Standard and Kroupa)
and the CEP efficiency (α = 0.25, 0.50 and 1.00).
From Fig. 12, it is clear that the number of detectable CVs
strongly depends on model assumptions, and clusters with sim-
ilar present-day masses can have very different numbers of de-
tectable CVs. In any event, the maximum number of detectable
CVs (for models clustering around a particular mass) is still higher
for greater GC masses, which is consistent with results for the en-
tire CV population (see Fig. 4). The fact that the number of de-
tectable CVs depends on model assumptions is quite convenient
for us, since we can confront them against observations and infer
what are the assumptions that are likely to lead to consistent results.
With respect to the IBP, we can see that our 144 models set
with the Standard IBP are unlikely to reproduce observations, with
the exception of M4. They have always . 5 detectable CVs per
cluster, irrespective of initial conditions and stellar/binary evolution
parameters, and they have present-day masses roughly consistent
with NGC 6397, NGC 6752 and M4. On the other hand, models set
with the Kroupa IBP are more likely to reproduce observational re-
sults for the four clusters considered here. Indeed, when taking into
account error bars and models with largest numbers of detectable
CVs, and/or shortest Trel, the observed amount of CVs in 47 Tuc,
NGC 6397, NGC 6752 and M4 are in a rough agreement with our
results. So, as we are not modelling particular GCs, we can con-
clude that our results are roughly in agreement with observations,
specially provided the small number statistics related to GCs with
deep observations regarding CVs.
Regarding the CEP efficiency, we notice that models evolved
with α = 0.25 and 0.5 better reproduce the observed amounts of
CVs. This is not the case when α = 1 is considered, which leads to
smaller numbers of detectable CVs. This result is consistent with
the fact that the smaller the α, the greater the amount of CVs.
It is interesting though that, our results suggest that the long-
standing problem related to the deficit of CVs in GCs can poten-
tially be solved, while carefully including in the modelling appro-
priate IBP, CV formation/evolution prescriptions and observational
selection effects. We also note that a conclusive answer for that is
out of the scope of this work, as we would need many more models
such that the GC initial parameter space would be better filled (see
Table 1).
Notice that ω Cen was not included in this analysis. This is be-
cause its mass is much larger than the other GC masses and we do
not have amongst our models any that massive. However, we can
extrapolate results presented in Section 6.3 in order to account for
ω Cen. Assuming that best results are for the Kroupa IBP, low CEP
efficiency and considering that ≈ 2 − 4 per cent of all CVs should
be detectable (and only ≈ 50 per cent of them are inside RL), we
predict that there should be ≈ 50 − 250 detectable CVs inside the
half-light radius of ω Cen. This number is at least ≈ 2 times higher
than the observed amount of CVs in that cluster. In addition, a bet-
ter optical characterization and membership determination of the
unclassified X-ray sources in that cluster may increase the number
of detected CVs. For example, Henleywillis et al. (2018) extrapo-
lated their results and estimated that there must be ∼ 40 ± 10 CVs
with LX ≥ 10
30 erg s−1, but several less luminous CVs must be
present.
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8 DISCUSSION
We have analysed a relatively large sample of 288 GC mod-
els, evolved with an up-to-date version of the MOCCA code, with
respect to IBPs and stellar/binary evolution prescriptions. These
models have a variety of different initial conditions spanning dif-
ferent values of the mass, size, King parameter, IBP, binary frac-
tion, and Galactocentric distances. In addition, we also explored
two parameters of stellar/binary evolution, namely inclusion or not
of fallback and three different CEP efficiencies.
With respect to dynamical production and destruction of CV
progenitors, our results suggest that we should expect less CVs in
dense GCs relative to the MW field, due to the fact that destruc-
tion of CV progenitors is more important in GCs than dynami-
cal formation of CVs. Indeed, all our models have mass densi-
ties smaller than ∼ 8.5 × 10−5 CVs M⊙−1, which is smaller than
the one in the Galactic field (∼ 10−4 CVs per M⊙
8). This is in
agreement with results found by Cool et al. (2013) for the mas-
sive cluster ω Cen. These authors determined a mass density of
∼ 1.4 × 10−5 CVs per M⊙ , which is consistent with our derived
average density (∼ 2 × 10−5 CVs M⊙−1), and about 1 order of
magnitude smaller than the one in the Galactic field. We notice that
this is also consistent with 47 Tuc, which has a CV mass density
of ∼ 7 × 10−5 CVs M−1⊙ , i.e. smaller than in the MW. Finally,
our results are also in agreement with recent analysis of archival
Chandra data by Cheng et al. (2018). These authors analysed 69
GCs and conclude that, different from what has been previously
thought, the weak X-ray populations, primarily CVs and ABs, are
under-abundant in GCs with respect to the Solar neighborhood and
Local Group dwarf elliptical galaxies.
In addition, our results are also in agreement with the
concentration of CVs found in ω Cen. Cool et al. (2013) and
Henleywillis et al. (2018) found that there is no much difference
in the radial distribution between bright and faint CVs, which is in
line with our Fig. 9, since ω Cen has a very long Trel. We stress
that the radial distribution of CVs in GCs is not indicative of their
formation channel, as suggested previously (e.g. Davies 1997), but
rather a consequence of the GC properties, mainly Trel, and the CV
masses.
We found that, on average, more than half of the entire popu-
lation of detectable CVs are outside the half-light radius, and future
observations could aim to search for X-ray sources in regions not
close to the cluster centres. However, we notice that this should be
considered an upper limit, as the real fraction of CVs outside the
half-light radius varies from cluster to cluster and depends mainly
on its Trel. Indeed, in Fig. 9 and 10 we show that (i) the greater
the CV mass, the stronger the effect of mass segregation and, (ii)
the shorter the cluster’s Trel, the stronger the effect of mass segre-
gation. Said that, we expect that clusters with relatively long Trel
(longer than a few Gyr) will have a considerable amount of CVs
outside their half-light radius and the opposite for cluster with short
Trel (shorter than a few hundreds of Myr). Our results then suggest
that in clusters where Trel are relatively long, we would be able to
roughly double the number of GC CV candidates while looking for
them outside RL . This would also allow us to obtain accurate spec-
tra since the crowding should not be a big problem in the regions
far away from the GC centres.
One important long-standing question related to GC CVs is
8 Considering that the mid-plane CV space density in the Milky Way is
∼ 4 × 10−6 pc−3 (Pretorius & Knigge 2012) and that the mid-plane stellar
mass density is ∼ 4 × 10−2 M⊙ pc
−3 (Bovy 2017).
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Figure 13. Top panel: comparison of the values of the mass transfer rate
required for a full CV disc to be globally hot and stable or globally cold
and stable (computed as described in Belloni et al. 2016) with respect to the
mass transfer rate of detectable CVs. Bottom panel: Duty cycle (computed
with the empirical relation provided in Britt et al. 2015) versus the mass
transfer rate for the detectable CVs in the simulation.
whether they are predominately magnetic or not. In order to test the
hypothesis that most CVs in GCs are actually dwarf novae (DNe)
with very short duty cycles, we first separate all detectable CVs ac-
cording to the stability in the accretion disc and compute their duty
cycles. In the top panel of Fig. 13 we show the values of the mass
transfer rate required for a full CV disc to be globally hot and stable
or globally cold and stable (computed as described in Belloni et al.
2016) with respect to the mass transfer rate of detectable CVs. It
clearly shows that more than 99 per cent of all detectable CVs in our
288 models are DNe (black points between blue and red points).
Additionally, the figure illustrates that for a great deal of them, the
instability takes place far away from the WD surface, since the de-
tectable CV mass transfer rates (black points) are close to the mass
transfer rates required for having the disc globally hot (red points).
This indicates that the strength of the WD magnetic field has to
be relatively strong in order to prevent the disc instability and, in
turn, the outbursts in such systems. Indeed, based on equation 8
in Ivanova et al. (2006), we computed the minimum magnetic field
required to prevent DN outbursts for all detectable CVs in our sim-
ulations, and found that most of them would require a magnetic
field stronger than ∼ 3 × 106 G, which is consistent with magnetic
fields in MW magnetic CVs.
In the bottom panel of Fig. 13 we depict their duty cycles
against their mass transfer rates, where the duty cycles were com-
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puted based on the empirical relation provided in Britt et al. (2015).
Note that most faint CVs have extremely short duty cycles (. 6
per cent) and most bright CVs have duty cycles greater than 10
per cent. This then suggests that detecting outbursts amongst faint
CVs is rather improbable. On the other hand, part of the bright
DNe would be recovered in multi-epoch searches, such as those
performed by Shara et al. (1996) and Pietrukowicz et al. (2008). In-
deed, the completeness of their searches were computed based on
DNe with duty cycles consistent with the values we estimate for
our bright CVs. Now, provided that only ≈ 2−4 per cent of all CVs
would be detectable and given that, on average, only ≈ 17 per cent
of detectable CVs are bright, the number of DN outbursts found by
these authors seem quite consistent with our results. For example,
in 47 Tuc, the number of bright CVs is ∼ 10 (based on the NUV
CMD), which implies that only around 3–4 DNe would be detected
by Shara et al. (1996) (given their assumed duty cycles), in good
agreement with the amount of DN outbursts recovered in 47 Tuc
to date (Shara et al. 1996; Wilde & Shara 2015). Therefore, our re-
sults do not offer evidences for an overabundance of magnetic CVs
in GCs, in comparison with the fraction found in the MW.
An interesting very recent observational fact is that there is
no significant correlation between the number of bright X-ray CVs
and the cluster stellar encounter rate (Cheng et al. 2018), which is
different from what has been thought previously (e.g. Pooley et al.
2003; Pooley & Hut 2006). This indicates that bright CVs are a
mix of dynamically formed and primordial CVs, and formation
via typical CEP might play a significant role. We found here that,
in general, most bright CVs come from primordial CV progeni-
tors, which is in agreement with the recent observational result by
Cheng et al. (2018). In any event, we stress that the X-ray source
population above ∼ 1031 erg s−1 includes different types of close
binaries, such as chromospherically active stars (which for exam-
ple dominates the X-ray population in 47 Tuc (Bhattacharya et al.
2017)), millisecond pulsars, low-mass X-ray binaries, foreground
and background objects, etc. Finally, as pointed out by Cheng et al.
(2018), taking the number of X-ray sources versus the stellar en-
counter rate relation as solid evidence for a dynamical origin of the
X-ray populations may be potentially an over-simplification of the
issue.
One important observational result is that the number of
bright CVs per cluster mass in core-collapsed clusters is so far
much higher than in non-core-collapsed clusters (Cohn et al. 2010;
Cool et al. 2013; Lugger et al. 2017; Rivera Sandoval et al. 2018;
Henleywillis et al. 2018). We found here that, on average, for non-
core-collapsed models set with the Kroupa IBP, ∼ 5−30 per cent of
the detectable CVs are bright, which is consistent with 47 Tuc and
ω Cen. Regarding core-collapsed Kroupa models, we found that
fraction to be ∼ 5 − 45 per cent. However, our core-collapsed clus-
ters with shortest Trel usually have fractions higher than ∼ 50 per
cent. We conclude then that our results are also consistent with re-
spect to NGC 6397 and NGC 6752, which are core-collapsed GCs
with very short Trel and have observed fractions of bright CVs in
the range of ∼ 40 − 60 per cent. Our results suggests then that
the formation of CVs is indeed slightly favored through strong dy-
namical interactions in core-collapsed GCs, due to the high stellar
densities in their cores. However, selection effects might play an
important role. Given the stellar crowding, the detection of CVs in
GCs is X-ray biased compared to the field population. Additionally,
many faint X-ray CV candidates have been detected only through
ultraviolet observations instead of optical, as in the case of 47 Tuc
(Rivera Sandoval et al. 2018), where 22 systems were detected for
the first time using that technique.
Our results suggest that models set with the Kroupa IBP and
low CEP efficiency better reproduce the amount of observed CVs
in NGC 6397, NGC 6752 and 47 Tuc. Low CEP efficiency is con-
sistent with recent investigations that have concluded that WD-MS
binaries experience a strong orbital shrinkage during the CEP (e.g.
Zorotovic et al. 2010; Toonen & Nelemans 2013; Camacho et al.
2014; Cojocaru et al. 2017). The Kroupa IBP has successfully ex-
plained the observational features of young clusters, stellar as-
sociations, and even binaries in old GCs (e.g. Kroupa 2011;
Marks & Kroupa 2012; Leigh et al. 2015; Belloni et al. 2017c,
2018a, and references therein), and our results provide an addi-
tional support to this IBP.
Although some of our models produce reasonable amounts of
detectable CVs, we stress that better comparisons depend on better
characterization of the GC CV candidates. Indeed, only a few GC
CVs are spectroscopically confirmed so far. Thus it is an urgent de-
mand to obtain more properties of the CV candidates, for example,
the orbital periods and mass ratios.
With respect to results for the Standard IBP, we stress that
it always leads to . 5 detectable CVs per GC. Then, albeit hard
to imagine, if most CV candidates in the clusters discussed here
does not turn out to be real CVs, then the Standard IBP would lead
to reasonable amounts. In addition, the amount of predicted CVs
might depend on the assumed binary fraction while adopting the
Standard IBP. This is because by increasing the amount of binaries,
we also increase the amount of potential CV progenitors. Said that,
future simulations could test the influence of the binary fraction
on our results, since, if confirmed that the Standard IBP cannot
reproduce observed GC CV properties, this brings an even stronger
evidence supporting the Kroupa IBP.
Another fact to be considered here is that in spite of the
fact that we can easily apply any detection criteria for our simu-
lated data, the same is not true with respect to observations. In-
deed, for instance, the limiting LX luminosity and the region in-
side the cluster are not the same in all observed GCs consid-
ered here (Cohn et al. 2010; Lugger et al. 2017; Cool et al. 2013;
Rivera Sandoval et al. 2018; Henleywillis et al. 2018). However,
with our selected criteria, many of the obtained CV properties from
the simulated clusters are in general agreement with the current ob-
servations.
Finally, we stress that our comparisons involved as main pa-
rameter the cluster mass. In this way, we cannot freely claim that
our models are fully suitable for the observed GCs discussed here.
In order to find best-fitting models for particular GCs, a more elabo-
rated approach is needed and more predicted GC properties need to
be confronted with observations, such as surface brightness profile,
velocity dispersion profile, local luminosity function, mass func-
tion, pulsar accelerations, etc. (e.g. Giersz & Heggie 2009, 2011).
For this reason, our results should be interpreted as general statisti-
cal conclusions, rather than as an attempt to model particular GCs.
9 CONCLUSIONS
Our main results can be summarised as follows.
(i) We found a strong correlation at a significant level between
the fraction of destroyed primordial CV progenitors and the initial
stellar encounter rate, i.e. we found that the greater the initial stellar
encounter rate, the stronger the role of dynamical interactions in
destroying primordial CV progenitors.
(ii) We show that dynamical destruction of primordial CV pro-
genitors is much stronger in GCs than dynamical formation of CVs.
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(iii) We confirm that strong dynamical interactions are able to
trigger CV formation in binaries that otherwise would never be-
come CVs, by expanding the primordial CV progenitor parameter
space.
(iv) Different from what we found previously, here we find
that dynamically formed CVs and CVs formed under no/weak in-
fluence of dynamics have similar WD mass distributions.
(v) We find that the detectable CV population is predomi-
nantly composed of CVs formed via typical CEP (& 70 per cent).
In addition, on average, only ≈ 2 − 4 per cent of all CVs in a GC is
likely to be detectable.
(vi) Even though amongst detectable CVs the fractions of
bright/faint CVs and CVs inside/outside the half-light radius
change from model to model, we show that the longer the clus-
ter half-mass relaxation time, the higher the fraction of CVs that are
outside the half-light radius (with upper limit of ∼ 50 per cent) and,
on average, non-core-collapsed models tend to have small fractions
of bright CVs, while core-collapsed models have higher fractions.
(vii) We show that the properties of bright and faint CVs
can be understood by means of the WD-MS and CV formation
rates, their properties at their formation times and cluster relaxation
times. In this way, most detectable CVs have their WD-MS binaries
formed before ∼ 1 Gyr and they take& 9 Gyr to become CVs. This
allows them to have enough time to sink to the central parts (being
hard detached WD-MS binaries and having associated probability
of being destroyed extremely small). The fact that bright CVs are
younger and more massive than faint CVs makes them, in general,
more centrally concentrated, as observed in NGC 6397 and NGC
6752, unless bright and faint CVs have similar total masses so that
they will have similar levels of mass segregation, as seen in 47 Tuc.
(viii) Even though we found the total number of CVs corre-
lates with the host GC masses, we also found that the number of
detectable CVs is very sensitive to model assumptions and that GC
models with similar mass might have very different numbers of de-
tectable CVs.
(ix) Even though we had no intention of modelling particular
GCs, by comparing our results with observations, we show that,
amongst our models, those following the Kroupa IBP and set with
low CEP efficiency (. 0.5) better reproduce the observed amount
of CVs and CV candidates in NGC 6397, NGC 6752, M4 and 47
Tuc.
(x) Finally, we suggest that, in order to progress further with
comparisons, it is crucial to derive properties such as orbital period,
mass transfer rate and mass ratio for the CV candidates.
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